Although only one organ (the seed) was sequenced, such knowledge will position us 1 0 2 with general understanding of the maize adaptation process, and provide resources for 1 0 3 developing breeding strategies to help corn producers cope with an increasingly erratic The population-scaled recombination rates (ρ) in temperate and tropical lines were 1 0 9
1.078/kb and 2.644/kb, respectively. This is a reflection of different rates of LD decay, 1 1 0 which was much faster in the tropical lines at the whole genome level (Supplemental 1 1 1 Fig. S1 ). Recombination rate differences in temperate vs. tropical lines was smaller 1 1 2 than the decrease in ρ seen in a previous study by Hufford et al. (2012) in landraces 1 3 2 selected features was 0.027, compared to 0.11 between teosinte and landraces, possibly 1 3 3 due to the shorter time for adaptation from tropical to temperate than for domestication. The divergence time between temperate and tropical subpopulations is of interest and 1 3 8
can be associated with the development of agriculture and the spread of human recent archeological evidence (Haas et al. 2013 ) and implies that after domestication, 1 4 5 maize cultivation rapidly expanded to temperate America (Fig. 2D ). The molecular 1 4 6 evidence thus suggests that improvement and adaptation here may not have been The MADS-box family of transcription factors is important in the evolution of plant family and the TM3, GLO and SQUA subfamilies, respectively, and are involved in showed down-regulation in temperate lines in the current study (Supplemental Fig. S6 ). 1999; Gross and Olsen, 2010) were also identified in the DE analysis, such as tb1 functions, from response to stimulus to biological regulation and metabolic processes 3 3 4 (Supplemental Fig. S7 ). Since the two data sets have few genes in common, no specific 3 3 5 pathways were highlighted in the simultaneous analysis of the two data sets. Additional and organs, and a more complete annotation of maize genes would increase the number 3 3 8
of genes in known pathways, which are currently incomplete. color, days to silking, days to tasseling, days to pollen shedding, leaf number and 3 4 7 kernel color), 5 amino acid (Ala, Arg, Asp, Lys, Gly) and 90 metabolic traits 3 4 8
(Supplemental Table S12 ). Seven of the genes identified as associated in the genomic 3 4 9 sequence analysis overlapped with genes identified in the DE-GWAS analysis. A series of DE genes (c2, pr1, a1, bz1, whp1) were detected that influence cob color segregated only in the temperate group and is known to be affected by chalcone 3 5 4 synthase (CHS) and maysin synthesis, which are thought to be major contributors to 3 5 5 corn worm resistance (McMullen et al. 2009; Sharma et al. 2012) . As can be seen in involved in the production of anthocyanins (Sharma et al. 2012) . c2 and a1 were 3 6 3 significantly associated with flavonoid catabolism ( Supplemental Table S12 ). Kernel DE-GWAS analysis (Supplemental Fig. S8D ). with their co-expressed group. In total, 389 genes showed the strongest AEC patterns 3 7 5
(expression conservation score >2.5SD; Supplemental Table S13 ). Further analysis 3 7 6
indicated that the average number of genes significantly co-expressed with AEC However, the rewiring appears to have been less dramatic during adaptation since 3 8 7 fewer AEC genes were identified for adaptation than for domestication individual genes found in the adaptation analysis was higher than for domestication As sessile organisms, plants have evolved to integrate endogenous and external 3 9 3 information and employ signal transduction processes to allow growth plasticity and 3 9 4
survive and thrive in their environments. Essential to this plant-environment interaction along with their co-expressed genes, showed very different networks in temperate vs. with the earlier studies that F-box proteins could play a regulatory role in subgroup but not in the tropical. This F-box gene was also highly co-expressed with an 4 2 9
ethylene-responsive factor-like protein (GRMZM2G169382), an abscisic stress protein hypothesized to contribute to maize adaptation to temperate climates in past studies The process of adaptation was as important a driving factor as domestication in the step towards adaptation to more extreme latitudes ( Fig. 2D) . A variety of mechanisms focused on seed transcriptome, the seed-expressed genes and phenotypes provide the It has been recently reported that human adaptation is driven primarily by gene have suggested that epigenetic regulation was the main genetic driver causing 4 9 8 regulatory evolution, and that epigenetic modification could also lead to increased Although our comprehensive study of genomic, transcriptomic and phenomic variation 5 0 5
sheds new light on the process of adaptation in modern maize, much is left to be 5 0 6
uncovered. In particular, changes due to adaptation of temperate maize are inferred in happened as maize migrated to far southern temperate regions, no South American 5 1 0 maize was studied here and thus this conclusion remains to be confirmed. In future 5 1 1 studies, expression data from more tissues and genotypes need be included and studied it was not considered in this study. Novel assembly strategies taking into account the allow plant breeders to apply native trait variation to maize improvement. data.
2 6
The 368 maize inbred lines included in this study form a global collection including 5 2 7
representative temperate and tropical/subtropical inbred lines listed in Supplemental   5  2  8   Table S1 , and additional information about the lines can be found in previous study Ye478) were used to evaluate the reproducibility of genotyping by RNA-seq. The concordance rates were greater than 99% between each pair of replicates (Fu et al. were merged to obtain a total of more than 1.06 million SNPs; a final data set of 0.56 5 4 4
million SNPs with a MAF of greater than 5% was produced and more detailed 5 4 5 information can be found in a previous study (Fu et al. 2013) . To quantify the expression of known genes with annotation in the B73 reference to mapped sequence reads in more than 50% of the inbred lines were compiled, and 5 5 0 each gene averaged more than 1.5K reads. Read counts for each gene were calculated (Supplemental Fig. S12 ) in expression quantification between each pair of replicates.
8
More details on library construction, sequencing, SNP detection, genotype imputation, To obtain agronomic traits (reported in Supplemental Table S5 ), all inbred lines were Table 2 ). Maize kernels from each entry in the panel planted in 5 7 4
Chongqing in 2011 were collected to quantify amino acid content (Supplemental Table   5 experiments were retained to calculate BLUP values for the next analysis 5 7 9
( Supplemental Table S7 ). SNPs was created by removing adjacent SNPs within 50Kbp intervals. All lines were 5 8 8 1 9
divided into three subpopulations corresponding to stiff stalk (SS), non-stiff stalk (NSS) 5 8 9
and tropical and sub-tropical (TST) clusters by STRUCTURE, using a probability of 5 9 0
inclusion into each cluster of greater than 0.65 (Yan et al. 2009 ). In the final analysis, Table S1 , Supplemental Fig. S13 ). The mixed were Measuring the genomic changes occurring during the maize adaptation process 5 9 8
To evaluate changes in the maize genome due to adaption, population genetics 5 9 9
statistics including π (Tajima 1983) and F st (Nei 1977) were calculated within the 6 0 0 differently adapted maize groups. F st was estimated as follows: should not be affected by this, assuming similar biases between the two comparisons 6 4 7
and sufficient numbers of markers to smooth out unequal biases due to potential 2A) and we can calculate the divergence time between TEM and TST using the 6 5 3
following formula:
This resulted in a divergence time of dimensions (28,769 × 28,769) . Each value in the two matrices represents an edge 6 9 9
weight in the co-expression network and is the measured similarity between expression to compare the two co-expression networks more accurately, the distributions were Pearson correlation coefficient between gene profiles in the two co-expression 7 0 6 networks as described by Swanson-Wagner et al. (2012) :
were represented by the i-th rows in the temperate and tropical To more fully explore candidate genes' functions, the annotation resources of proxy for that trait. were used to test if genes identified with differential expression in the current study are 7 5 8 referred to in the text. was estimated using a model supposing a common ancestor to TEM, TST, and TEO Even though there are no inbred lines from South America, the dispersion route to 8 2 7
South America was inferred from a previous study (Wallace et al. 2014) . WD40 domain which could control multiple enzymatic steps in the flavonoid pathway. with cob color in this study. (B) . Genes involved in the flavonoid pathway showed
